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ABSTRACT 
 
Increasing of oil yield is one of the most important goals in 
sunflower (Helianthus annuus L.) breeding programs. The 
objectives of this research were to assess the interrela-
tionships between oil yield and its components on 14 sun-
flower hybrids developed within a breeding program of the 
Agricultural Institute Osijek, Croatia. Field trials were set 
up according to completely randomized block design 
(CRBD) on three locations during two growing seasons 
(2002 and 2003). Plant height, 1,000 grain weight, test 
weight, grain yield, oil content and oil yield were analyzed. 
Phenotypic and genotypic coefficients of variation were 
highest for grain yield, followed by oil yield and 1,000 grain 
weight. High values of heritability were estimated for oil 
content and plant height, medium for 1,000 grain weight 
and test weight, and low values for grain and oil yield. 
Highly significant positive correlation was estimated be-
tween grain yield and oil yield, but the association between 
grain yield and oil content was negative and low. A posi-
tive correlation coefficient was estimated between 1000 
grain weight and grain yield, and a negative one between 
1000 grain weight and oil content. Grain yield and oil con-
tent expressed the strongest direct effect on oil yield. 
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unflower (Helianthus annuus L.) is grown 
on 22 million ha in the world, producing 
27 million tones total grain yield (FAO STAT 
Database, 2007) and so comprising an impor-
tant part of the world agro industrial complex. 
It is primarily grown for oil, which is mainly 
used for human consumption, but also as a raw 
material for the processing industry, livestock 
feed and beekeeping. In the last few years, sun-
flower oil is used for biodiesel production. 
Sunflower is harvested early in the fall, leaving 
the field free of weeds, and providing enough 
time for planting winter crops. It has an impor-
tant role in crop rotation systems. 
Sunflower breeders intend to achieve the 
highest grain yield and oil content, through the 
best expression of heterosis (Vrânceanu, 2000; 
Vrânceanu et al., 2005).  
The breeding strategies are mainly ori-
ented toward these two traits. The success of a 
breeding program depends on the variability of 
the initial material (Fick and Miller, 1997; 
Vrânceanu, 2000). In order to apply an opti-
mum breeding strategy for targeted quantita-
tive traits, a genetic analysis of those traits 
needs to be performed (Haş, 1999; Nistor et 
al., 2005). Heritability represents the ratio be-
tween genetic and all factors (including non 
genetic ones) that influence the variability 
(Fick and Miller, 1997; Bernardo, 2002). The 
higher ratio of the genetic component in phe-
notypic expression of a certain trait, the higher 
is the heritability, and selection for these traits 
can be performed in earlier generations in field 
trials set up at a smaller number of locations, 
years and replications. Heritability accompa-
nied with an estimation of genetic gain is more 
useful than heritability alone in accurate pre-
diction of the selection effects (Johnson et al., 
1955). 
Besides coefficients of variability and 
heritability it is important to know the relation-
ship between the analyzed traits. It is important 
to estimate simple correlation coefficients, but 
also the direct and indirect effects of investi-
gated traits on characters that represent selec-
tion aims described through path coefficient 
analysis. Path coefficient analysis has an ad-
vantage over estimation of simple correlation 
coefficients because it allows partitioning of 
the correlation coefficient into its components. 
These components are: 1) the path coefficient 
(or standardized partial regression coefficient) 
that measures the direct effect of a predictor 
variable upon its response variable; and 2) the 
indirect effect(s) of a predictor variable on the 
response variable through the predictor vari-
ables (Dewey and Lu, 1959).   
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The purpose of this study was to estimate 
phenotypic and genotypic coefficients of  
variation, heritability, correlations and path 
coefficients between important agronomic 
traits and oil yield in fourteen sunflower 
hybrids. The results will be usefull for 
implementing a more efficient breeding 
strategy. 
 
MATERIAL AND METHODS 
 
The experimental material included 7 
single cross hybrids (H-2001 A, H-101 E,     
H-1999 F, H-103 E, H-93 OL, H-93 FA and 
H-219 E) and 7 three-way cross hybrids       
(H-259 E, H-189 E, H-93 OR, H-59 E, H-25 
E, H-253 E and H-269 E) developed at the 
Agricultural Institute Osijek, Croatia. The field 
trials were set up during 2002 and 2003 
growing seasons in three locations with 
different pedodynamic characteristics (Osijek 
in Eastern Slavonia county on eutric cambisol 
soil type, Karanac in Baranja county on eutric 
cambisol soil type, and Feričanci in Western 
Slavonia county on pseudogley soil type). At 
each environment the hybrids were planted by 
hand planters in randomized complete block 
design with three replications. Plot size was 14 
m2 (5 m lenght, 4 rows, 70 cm distance 
between rows). At maturity, the two middle 
rows were harvested. Following traits were 
analysed: plant height, 1,000 grain weight, test 
weight, grain yield, oil content and oil yield. 
Plant height was determined in full flowering 
stage and other measurments were conducted 
after harvesting. Test weight and grain 
moisture were determined by Dickey John, 
GAC 2000 grain analysis computer. Grain 
yield per plot was calculated on hectare basis 
according to standard method (9% kernel 
moisture and 2% kernel impurity). Oil content 
was determined by MQA 7005 NMR analyzer 
and calculated on dry matter (D.M.) basis. Oil 
yield was calculated by multiplication of grain 
yield and oil content. Phenotypic (PCV) and 
genotypic (GCV) coefficients of variability 
and heritability (h2) were estimated as de-
scribed by Singh et al. (1993). Expected ge-
netic gain (GG) was estimated in accordance 
to Johnson et al. (1955) and Falconer (1989). 
Simple correlation coefficients were calculated 
from the analysis of covariance given by Singh 
and Chaudhary (1979).  
Path analysis partitions the total correla-
tion coefficients into direct and indirect effects 
of various characters and helps to understand 
the relationship among variables based on an a 
priori model. Direct and indirect path coeffi-
cients were calculated according to Dawey and 
Lu (1959), Williams at al. (1990) and Lynch 
and Walsh (1998). Statistical analyses were 
performed using SAS for Windows (2003).  
 
RESULTS AND DISCUSSION 
 
Highly significant differences between 
hybrids, regarding all investigated traits, indi-
cate the divergence of the material selected for 
analysis (Table 1). Comparing mean values of 
six environments, the hybrid H-2001A had the 
highest oil content (52.98%) and oil yield 
(2,191 kg ha-1). The same hybrid had the high-
est test weight (43.1 kg hl-1), and the shortest 
plant (137.8 cm). The highest grain yield 
(4,715 kg ha-1), plant height (166.8 cm) and 
1,000 grain weight (66.7 g) were noticed in 
hybrid H- 93 FA. This hybrid also had the 
lowest oil content (45.00%). The lowest value 
for oil yield was observed in hybrid H-101 E 
(1692 kg ha-1), for grain yield in hybrid H-259 
E (3,714 kg ha-1), for test weight in hybrid    
H-219 E (37.0 kg hl-1) and for 1,000 grain 
weight in hybrid H-253 E (54.8 g). 
Phenotypic and genotypic coefficients of 
variability (Table 2) were highest for grain 
yield (11.56% and 6.67%, respectively), fol-
lowed by oil yield (11.32%; 5.69%). Oil con-
tent (4.54%) had the lowest value for PCV 
and test weight for GCV (3.65%).  
Low h2 values (Table 2) were estimated 
for oil yield (0.25) and grain yield (0.33)   
indicating the strong influence of the         
environment and genotype x environment  
interaction on the expression of these traits. 
Similar values were determined by Khan 
(2001), which is not in accordance to the   
results of Saravanan et al. (1996) and Sujatha 
et al. (2002).  
Because of the low h2, selection for grain 
and oil yield should be performed in later 
generations, in field trials set up across more 
years, locations, and replications. 
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Medium values of h2 were determined for 
plant height (0.60), weight of 1,000 grain 
(0.46) and test weight (0.52).  
Similar findings were reported by Loga-
nathan and Gopalan (2006), but our results 
are not in correspondence with the results of 
Sujatha et al. (2002). High h2 of oil content 
(0.73) confirms that phenotypic expression of 
this trait is mainly determined by genetic   
factors, and the influence of the environment 
and genotype x environment interaction is 
rather low. 
 
Table 1. Mean values of the investigated traits 
 
Trait 
















H-259 E 146.9 57.8 42.1 3714 51.62 1746 
H-2001 A 137.8 58.0 43.1 4534 52.98 2191 
H189 E 146.0 57.0 40.8 4077 50.56 1877 
H-1999 F 141.6 59.3 42.4 3824 50.55 1759 
H-59 E 143.8 57.5 41.1 4016 51.01 1864 
H-93 OL 157.3 64.9 42.1 4053 49.06 1808 
H-25 E 147.8 59.4 40.9 3872 50.46 1777 
H-93 FA 166.8 65.9 39.8 4715 45.00 1930 
H-253 E 151.2 54.8 41.1 3873 50.79 1788 
H-101 E 153.8 59.4 39.5 3837 48.50 1692 
H-269 E 150.8 57.5 41.4 3819 50.65 1762 
H-103 E 161.6 56.8 39.3 3825 50.93 1773 
H-93 OR 164.2 66.7 40.8 4341 47.54 1877 
H-219 E 152.8 59.0 37.0 4353 49.24 1951 
LSD0.05        6.11     4.13     2.10       273.9   1.71     139.7 
LSD0.01        8.07     5.46     2.77      361.5   2.25    184.4 
 
Table 2. Components of variance, heritability and genetic gain for oil yield components in sunflower 
 











Mean 151.59 59.57 40.81 4060.85 49.92 1842.33 
Vp 111.54 25.26 4.23 220443.89 5.14 43499.46 
Vg 67.18 11.60 2.21 73282.02 3.73 10992.48 
Vi 30.00 7.08 0.33 118290.18 0.29 24992.53 
Ve 14.37 6.58 1.69 28871.69 1.12 7514.46 
PCV(%) 6.97 8.44 5.04 11.56 4.54 11.32 
GCV(%) 5.41 5.72 3.65 6.67 3.87 5.69 
h2 0.60 0.46 0.52 0.33 0.73 0.25 
GG 11.19 6.37 4.05 742.94 9.47 356.29 
RGG (%) 7.38 10.69 9.92 18.30 18.97 19.34 
Vg  - genetic variance, Vp - phenotypic variance, Vi - variance of genotype x environment interaction,  
Ve - error variance, h2 - broad sense heritability, GG - genetic gain, RGG % - genetic gain as percent of mean. 
Khan (2001) and Leon et al. (2003) esti-
mated high h2 for oil content. Medium h2 for 
the same trait was stated by Teklewold et al. 
(2000) and Sujatha et al. (2002). Relative ge-
netic gain was highest for oil yield (19.34%), 
followed by oil content (18.97%) and grain 
yield (18.30%). Similar results were reported 
by Seneviratne et al. (2003). 
Correlations between oil yield and other 
investigated traits were positive and highly 
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significant (Table 3). The strongest relation-
ship was estimated between grain yield and oil 
yield (r = 0.957). Other researchers (Suzer, 
1998; Teklewold et al., 1999) indicated a posi-
tive relationship of different intensity between 
grain and oil yield. Weak correlations were 
found between oil yield and plant height         
(r = 0.311), 1,000 grain weight (r = 0.258) and 
test weight (r = 0.264). The relationship be-
tween oil yield and oil content was low           
(r = 0.169). These findings are related to the 
results of Suzer (1998) and Hladni et al. 
(2004), but different from Sarno et al. (1992). 
 





















 -0.059 0.409** -0.50** 0.258** 
Test 
weight 
  0.192** 0.255** 0.264** 
Grain 
yield 
   -0.120 0.957** 
Oil 
content 
    0.169** 
   
Low, negative and non-significant corre-
lation was estimated between grain yield and 
oil content (r = -0.120) which corresponds 
with investigations of Mogali and Virupak-
shappa (1994) and Gonzales et al. (2000). 
Different results were presented by Suzer 
(1998), Khan (2001) and Kaya et al. (2007). 
Sunflower breeders would achieve their goals 
much easier if oil content would have the 
same value or would increase together with 
grain yield. In that case, the direct selection 
for grain yield would probably result in high 
oil yield.  
1,000 grain weight had a positive rela-
tionship with grain yield (r = 0.409), but 
negative with oil content (r = -0.501). Joksi-
mović et al. (2004) and Kaya et al. (2007) re-
ported similar results, which did not corre-
spond with the findings of Doddamani et al. 
(1997) and Suzer (1998).   
The correlation coefficients among other 
studied traits were low or very low. This is in 
agreement with Dušanić et al. (2004), but dif-
ferent from Joksimović et al. (2004). Kaya et 
al. (2007), analyzing sunflower hybrids San-
bro and Tarsan 1018, estimated positive and 
highly significant correlation between plant 
height and 1,000 grain weight. 
Path coefficient analysis was performed in 
order to obtain and interpret information on the 
nature of interrelationships among oil yield 
and related traits (Table 4). Grain yield had the 
highest direct effect on oil yield (p = 0.995), 
followed by oil content (p = 0.287).  
 
Table 4. Direct and indirect effects of traits on oil yield 
 
















Plant height -0.006   -0.00085 0.00014 0.25808 0.05913 0.311** 
1,000 grain weight -0.005 -0.00091  -0.00005 0.40753 -0.14365 0.258** 
Test weight 0.001 -0.00094 0.00032   0.19102 0.07312 0.264** 
Grain yield 0.995** -0.00149 -0.00220 0.00016   -0.03455 0.957** 
Oil content 0.287** -0.00118 0.00269 0.00021 -0.11993   0.169** 
Coefficient of determination R2 = 0.998 
 
Direct selection for grain yield will give 
the best results for achieving high oil yield. 
The direct effects of plant height, mass of 
1,000 grain and test weight were non-
significant and mainly realized through the in-
direct effects of grain yield and oil content. For 
breeding purposes, the most important traits 
are those having significant direct effect on 
main target traits. Mogali and Virupakshappa 
(1994) emphasized the direct effect of grain 
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yield on oil yield, but also the effects of oil 
content, percentage of filled grains and head 
diameter. Nehru and Manjunath (2003) re-
ported highest direct effect of grain yield and 
number of grains per head on oil yield. These 
findings are different from the results pre-
sented by Joksimović et al. (1999), who indi-
cated the effect of protein content, Kaya and 
Atakisi (2003) for plant height and mass of 
1,000 grain and Patil et al. (1996) for number 
of grains per head, 1,000 grain weight and 
head weight. 
The coefficient of determination           
(R2 = 0.998) represents the influence of the 
traits involved in the study on total variability 
of oil yield per plant. The remaining 0.002% 
could be attributed to factors that were not in-




Based on the conducted analyses, the fol-
lowing can be concluded: 
Grain yield and oil yield had the highest 
genetic and phenotypic coefficients of variabil-
ity. The lowest PCV was estimated for oil con-
tent and the lowest GCV for test weight.  
Low heritability values for oil and grain 
yield reflect the influence of environment and 
genotype x environment interaction on their 
expression. The influence of genotype was 
stronger for oil content.   
Very strong, positive and highly signifi-
cant correlation was estimated between grain 
and oil yield. Grain yield and oil content were 
in a weak negative association.  
The strongest direct effect on oil yield was 
estimated for grain yield and oil content. These 
two traits can be used as selection criteria for 
increasing oil yield in breeding programs. The 
influence of other studied traits on oil yield 
was covered by the indirect effect of grain 
yield. High value of the coefficient of determi-
nation (R2 = 0.998) indicates that the traits 
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